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P o p u l a t i o n  d e n s i t i e s  of H y d r o p s y c h i d  
caddisflies averaged 6500/m^ in the lake outlet , 
but n u m b e r s  d e c r e a s e d  to 1 4 2 7 / m ^  and 2 0 9 / m ^  at a 
d i s t a n c e  of 200 and 3400 m e t e r s  d o w n s t r e a m .  Log 
t r a n s f o r m e d  t o t a l  n u m b e r  of h y d r o p s y c h i d s  
r e g r e s s e d  s t r o n g l y  on log t r a n s f o r m e d  d i s t a n c e  
downstream (r^=,60, p<.01). We examined quantity
(POC) and q u a l i t y  (ATP,protein) of s e s ton as a 
f o r a g e  ba s e  in an a t t e m p t  to e x p l a i n  the p a c k i n g  
of h y d r o p s y c h i d s  in the lake outlet, S e s t o n  
concentrations, determined monthly, did not differ 
significantly between sites except in May and June 
of 1984 w h e n  POC v a l u e s  w e r e  signi f c a n t l y  h i g h e r  
downstream at site lll. Only in September of 1984 
w a s  s i g n i f i c a n t l y  m o r e  POC found in the lake 
outlet, ATP c o n c e n t r a t i o n s  w e r e  s i g n i f i c a n t l y  
higher in the lake outlet during the summer months 
of h i g h  lake p r o d u c t i v i t y  and d u r i n g  J a n u a r y  of 
1985, M o n t h l y  v a l u e s  of p a r t i c u l a t e  p r o t e i n  
r e g r e s s e d  s t r o n g l y  on log t r a n s f o r m e d  d i s t a n c e  
d o w n s t r e a m .  S t a b l e  s u b s t r a t e ,  d i s c h a r g e  a nd  
t e m p e r a t u r e  r e g i m e s  c o m b i n e d  w i t h  a p l e n t i f u l  
s u p p l y  of h i g h  q u a l i t y  f o o d  m a i n t a i n  h i g h  
densities of filter-feeding hydropsychids in the 
lake outlet. Downstream populations are limited 
by the i n t r o d u c t i o n  of g r e a t e r  a b i o t i c  v a r i a t i o n  
(i.e. discharge, substrate, diel temperature) and 
b y  a c o n c o m i t a n t  d e c r e a s e  in s e s t o n  f o o d  
quality.
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FOOD QUALITY and HYDROPSYCHID CADDISFLY DENSITY 
in a LAKE O U T L E T  S T R E A M  in 
G L A C I E R  N A T I O N A L  PARK, M O N T A N A ,  USA
by H.M. valett
INTRODUCTION
Food quality has been defined as the "growth producing 
n u t r i t i v e  c o n t e n t  per unit mass" ( C u m m i n s  1974, W a r d  and 
C u m m i n s  1979), R e s e a r c h  has s h o w n  that v a r i a t i o n s  in the 
f o o d  q u a l i t y  of t h e i r  d i e t s  c a n  e f f e c t  the g r o w t h  of 
terrestrial insects (Lewis 1984), litter-dwelling arthropods 
( B u l t m a n  and vet z  1984), g a s t r o p o d  m o l l u s c s  (Thomas et al.
1983) and aquatic insects (Cummins 1974.)
O r g a n i c  drift, seston, is an i m p o r t a n t  e n e r g y  s ource 
for m a n y  c o m m u n i t i e s  in lotie e c o s y s t e m s  (Hynesl970a) 
and is generally thought to comprise the main forage base 
of many filter-feeding insects in streams(Wallace et al. 
1977, M c C u l l o u g h  et al. 1979, W a l l a c e  and M e r r i t t  1980). 
Work has been done under laboratory conditions to assess the 
relative quality of various sources of food for particular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
f i l t e r - f e e d i n g  a q u a t i c  i n s e c t s  (Anderson and C u m m i n s  
1979, W a r d  and C u m m i n s  1979, F u l l e r  and M a c k a y  1980, 
S h e p a r d  and M i n s h a l l  1981, H a n s o n  et al, 1983, R i c h a r d s o n
1984) , whereas few studies have considered the food quality 
of seston as it is encountered by suspension feeders in s i tu 
(Sedell et al. 1978, Naiman and Sedell 1979, Nairaan 1984).
The distribution and life history dynamics of filter- 
feeding populations of aquatic insects, which often dominate 
z o o b e n t h i c  b i o m a s s ,  are d i r e c t l y  r e l ated to the q u a n t i t y  
and size of s u s p e n d e d  m a t e r i a l  a v a i l a b l e  for f i l t e r i n g  
(C a r 1 sson et al. 1977, Colbo and porter 1979, Fuller and 
Mackay 1981). By altering rates of d e v e l o p m e n t  f o o d q u a l i t y  
m a y  play a m o r e  vital role in the life c y c l e s  of a q u a t i c 
insects (Cummins 1973, Anderson and Cummins 1979, Ward and 
Cummins 1979, Hauer and Stanford 1982a), particularly in 
regard to net-spinning caddisf1 ies (Benke and Wallace 1980, 
G e o r g i a n  and W a l l a c e  1981). H o w e v e r ,  a cl e a r  r e l a t i o n s h i p  
between seston quantity and quality, as a determinant of the 
density and distribution of filter-feeding stream insects, 
has not been demonstrated.
Food Quality as an Ecological Factor in Streams
Food q u a n t i t y ,  or a v a i l a b i l i t y ,  can be d e f i n e d  as the 
a m o u n t  of food per unit e n v i r o n m e n t  (Anderson and C u m m i n s  
1979). Hynes (1970a) stated that "the availability of food 
is an o b v i o u s  f a c t o r  c o n t r o l l i n g  the o c c u r r e n c e  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a b u n d a n c e  of b e n t h i c  i n v e r t e b r a t e  s p e c i e s , "  S t r e a m  
ecologists have emphasized food quality as an important, if 
not d e t e r m i n a n t ,  f actor a f f e c t i n g  the g r o w t h  rate and 
s u r v i v o r s h i p  of a q u a t i c  i n s e c t s  (Carlsson et al. 1977, 
Mackay 1979, Ward and C u m m i n s  1979).
particulate and dissolved organic carbon represent an 
important energy resource in aquatic systems (Cummins 1974, 
Wallace et al. 1977, Wallace and Merritt 1980). Work on the 
distribution of filter feeders has utilized the analysis 
of o r g a n i c  c a r b o n  to c h a r a c t e r i z e  the food a v a i l b a l i t y  in 
p a r t i c u l a r  s t r e a m  r e a c h e s  (Erman and C h o u t e a u  1979, Hauer 
and S t a n f o r d  1982b). H o w e v e r ,  not all o r g a n i c  c a r b o n  in 
stream seston is biochemically available to aquatic insects. 
This r e f r a c t o r y  (unuseable) m a t e r i a l  is c o n s i d e r e d  a l o w  
quality food source. In contrast, other organic material is 
h i g h l y  labile and is e a s i l y  a s s i m i l a t e d .  C u m m i n s  (1974) 
s u g g e s t e d  that the m i c r o b i a l  flora c o l o n i z i n g  p a r t i c u l a t e  
o r g a n i c  m a t t e r  in s t r e a m s  is h i g h l y  labile, w h i l e  the 
o r g a n i c  s u b s t r a t e  itself m a y  be h i g h l y  r e f r a c t o r y  and 
u n u s e a b l e  by insects. Ot h e r  w o r k  on the t r o p h i c  r e l a t i o n s  
of aquatic insects has shown that variations in the protein 
content of insect diets have caused significant changes in 
l a r v a l  g r o w t h  p a t t e r n s  ( C u m m i n s  1973). Total p r o t e i n  has 
b e e n  u s e d  as a m e a s u r e  of l a b i l e  o r g a n i c  m a t t e r  and, 
t h e r e f o r e ,  as an i n d i c a t i o n  of f o o d  q u a l i t y  n t u .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Statzner 1978, Kondratieff and Simmons 1984).
p a r t i c u l a t e  o r g a n i c  m a t t e r  is c o m p o s e d  of n o n v i a b l e  
substrates (e.g. riparian-derived leaves, algal filaments) 
and m i c r o b i a l  b i o m a s s ,  w h i c h  c a u s e s  d e c o m p o s i t i o n  of the 
o r g a n i c  s u b s t r a t e s .  C u m m i n s  ( 1 9 7 4 )  p r o p o s e d  t h a t  
macroinvertebrate detritivores were nutritonally dependent 
on the m i c r o b i a l  flora of the p a r t i c u l a t e  m a t t e r ,  rather 
than on the o r g a n i c  s u b s t r a t e  itself. Karl (1980) s t ated 
that, d e s p i t e  s o m e  p r o b l e m s ,  a d e n o s i n  t r i p h o s p h a t e  (ATP) 
assays are probably the only convenient and reliable method 
for a s s e s s i n g  m i c r o b i a l  b i o m a s s  in m o s t  e n v i r o n m e n t a l  
s a m p l e s .  W a l l a c e  et al, (1982) used ATP to m e a s u r e  food 
quality in a southern Appalachian stream. Ward and Cummins 
(1979) utilized ATP assay, along with other parameters, when 
they a s s e s s e d  the e f f e c t  of v a r i a b i l i t y  in food q u a l i t y  on 
the growth of a stream detritivore. Results of their study 
i n d i c a t e d  that l arval g r o w t h  w a s  m o s t  s t r o n g l y  c o r r e l a t e d  
with ATP content as opposed to substrate respiration rates 
or total carbon and nitrogen.
G u t  a n a l y s i s  has be e n  used by m a n y  r e s e a r c h e r s  to 
relate filter feeders to components of seston as a resource 
base ( C u m m i n s  1973, M a l a s  and W a l l a c e  1977, W o t t o n  1978, 
P u l l e r  and M a c k a y  1981, Ha u e r  and S t a n f o r d  1981, Ross and 
Wallace 1981). Recently, work on hydropsychid caddis larvae 
in a lake o u t l e t  has u t i l i z e d  g ut a n a l y s i s  to d e s c r i b e  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
phenology and food of those filter-feeding larvae (Xiang et 
al. 1 9 8 4 ) .  T y p i c a l l y  g u t  a n a l y s i s  h a s  i n c l u d e d  
q u a n t i t a t i o n  of the c o n t e n t s  of the s t o m o d a e u m  of larvae 
c o l l e c t e d  i j \ s i t u . This m e t h o d  of a n a l y s i s  a l l o w s  one to 
characterize larval feeding habits based upon food that has 
already been ingested. Examining the gut contents of the
f i l t e r - f e e d i n g  l a r v a e  m a y  c h a r a c t e r i z e  w h a t  has been 
ingested, but does not directly describe the quality of the 
available seston.
T e m p o r a l  and s p a t i a l  f e a t u r e s  of s t r e a m  m e c h a n i c s  and 
c h e m i s t r y  (e.g. s u b s t r a t e  s t a b i l i t y ,  d i s c h a r g e ,  s t r e a m  
c o n d u c t i v i t y  a n d  a l k a l i n i t y )  m a y  a l s o  i n f l u e n c e  t he 
distribution of filter-feeding caddisf1 ies. Concentrations 
of dissolved solids is of particular interest as hard-water 
streams have been shown to be more productive than streams 
w i t h  r e l a t i v e l y  l o w  a l k a l i n i t y  (Hill and W e b s t e r  1982). 
Kr u e g e r  and W a t e r s  (1983) have noted that the s e c o n d a r y  
productivity of benthic invertebrates may be directly linked 
to the total a l k a l i n i t y  of the s t r e a m  water. They s u g g e s t  
that a l k a l i n i t y  m a y  a f f e c t  i n v e r t e b r a t e  p o p u l a t i o n s  by 
a l t e r i n g  d e t r i t a l  d e c o m p o s i t i o n  rates and by a l t e r i n g  the 
rate of flocculation and precipitation of dissolved organic 
c a r b o n .
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The Lake Outlet System
Dense populations of filter-feeding aquatic insects have 
been noted in lake outlets (ulfstrand 1968, Carlsson et al, 
1977, S h e l d o n  and Q s w o o d  1977, W o t t o n  1978, O s w o o d  1979). 
This phenomenon is apparently associated with the discharge 
of high quantity and quality seston from the epilimnion of 
the lake. Sheldon and O s w o o d (1977) formulated a predictive 
m o d e l  i m p l i c a t i n g  d e c r e a s i n g  s e s t o n  c o n c e n t r a t i o n s  as the 
e x p l a n a t i o n  for d e c r e a s i n g  n u m b e r s  of f i l t e r - f e e d i n g  
b l a c k f l y  l a r v a e  d o w n s t r e a m  f r o m  a lake outlet. Field 
measurements indicated, however, that seston concentrations 
i n c r e a s e d  s l i g h t l y  d o w n s t r e a m  fr o m  the lake o u t l e t  w h i l e  
numbers of blackf1 ies decreased, in a similar study Oswood 
(19 7 9) q u a n t i f i e d  t h e  d e n s i t i e s  of f i l t e r - f e e d i n g  
Hydropsychid caddsifly larvae along the same outlet system. 
He n o t e d  a p r e c i p i t o u s  d o w n s t r e a m  d e c l i n e  in l a r v a l  
abundance, accompanied by an unexpected increase in seston 
concentrations. Brdnmark and Malmqvist (1984) observed the 
characteristic decrease in numbers of filter feeders below a 
S w e d i s h  l a k e ,  b u t  w e r e  u n a b l e  to s h o w  a c o n c o m i t a n t  
decrease in seston concentration. It is unlikely, therefore, 
that a d e c r e a s e  in the a v a i l a b i l i t y  of seston c a u s e s  the 
n o t e d  d e c r e a s e  in the d e n s i t y  of f i l t e r - f e e d i n g  insects 
d o w n s t r e a m  in lake outlet systems.
S o m e  w o r k  has s u g g e s t e d  that e f f i c i e n t  f i l t e r i n g  and
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processing near the lake's outlet alters the quality of the 
stream seston (Ulfstrand 1968, Carlsson et al, 1977, Oswood 
1979, Benke and W a l l a c e  1980). Be n k e  and W a l l a c e  (1980) 
found that some net-spinning caddisflies in an Appalachian 
s t r e a m  w e r e  n e t  p r o d u c e r s  of d e t r i t u s .  A v i s u a l  
determination of seston composition revealed that d e t r i t u s , 
as opposed to cellualr components, increased from 10% of its 
maximum, near the lake outlet, to nearly 100% one kilometer 
dow n s t r e a m  in a Montana mesotrophic lake outlet (Sheldon and 
Oswood 1977). Similarly, Maciolek and Tunzi (1968) noted a 
progressive decrease in cellular microseston downstream from 
a lake outlet, while noting a relative increase in detritus. 
Carlsson et al. (1977) suggested that it was the nutritive 
v a l u e  of s e s t o n  p a r t i c l e s  w h i c h  w a s  c o n f i n i n g  the huge 
p o p u l a t i o n  of b l a c k f l y  l a r v a e  to the o u t l e t  of a lake in 
S w e d e n .  O s w o o d  (1979) s u g g e s t e d  that high d e n s i t i e s  of 
n e t - s p i n n i n g  c a d d i s f l i e s  in a M o n t a n a  lake o u t l e t  w e r e  
l i m i t e d  by the q u a l i t y  of a v a i l a b l e  seston. None of these 
studies clearly investigate the role of food quality versus 
food q u a n t i t y  in d e l i m i t i n g  the d i s t r i b u t i o n  of p a r t i c l e  
feeding insects in lake outlets.
Therefore, this study was undertaken to differentiate 
quantity (i.e. concentration of particulate organic carbon) 
v e r s u s  q u a l i t y  (i.e. p r o t e i n  and ATP c o n c e n t r a t i o n s )  in 
s e s t o n  (i.e. t r a n s p o r t e d  o r g a n i c  m a t e r i a l )  in r e l a t i o n  to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the density and distribution of filter-feeding Hydropsychid 
c a d d i s f l i e s  in a lake o u t l e t  s t r eam. Food q u a l i t y  and 
quantity variables were measured in time series, along with 
important habitat variables (e.g. temperature and substrate 
d y n a m i c s )  and c o r r e l a t e d  w i t h  m e a s u r e d  d e n s i t y  of the 
h y d r o p s y c h i d  c o m m u n i t y  in t h r e e  s e q u e n t i a l  r e a c h e s  
d o w n s t r e a m  from the lake outlet.
METHODS AND MATERIALS
Study Site and Sampling Design
The Flathead River originates in the mountains of the 
C o n t i n e n t a l  D i v i d e  in n o r t h w e s t  M o n t a n a  and s o u t h w e s t  
B r i t i s h  C o l u m b i a ,  H e a d w a t e r  s t r e a m s  p r o c e e d i n g  fro m  cold 
s p r i n g s  or s n o w  m e l t  feed the three m a i n  forks of the 
Flathead. Lower order streams are canopied by Douglas fir 
and western larch. The North Fork of the Flathead is fed 
by m a n y  small s t r e a m s  o r i g i n a t i n g  f r o m  lake s y s t e m s  along 
the w e s t e r n  s l o p e  of G l a c i e r  N a t i o n a l  park. Jus t  so u t h  of 
the u s - C a n a d a  b o r der, the K i n t l a  Lake s y s t e m  is the first 
l a k e - s t r e a m  s y s t e m  to feed the w a t e r s  of the N o r t h  Fork 
(Fig. 1). Two lakes are l o c a t e d  in the K i n t l a  drainage. 
Water from Upper Kintla Lake drains into the larger Kintla 
Lake, which has a m a x i m u m  depth of 122.6 meters. Kintla 
Creek originates from the southwestern end of Kintla Lake at
8
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Figure 1. The Kintla Creek drainage in northwestern Montana, 
USA, and the study sites in the outlet of Kintla Lake,
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1222 m e t e r s  e l e v a t i o n  and d r o p s  91 m e t e r s  as it f l o w s  
through glacial till to the tertiary sediments of the North 
Fork v a l l e y  4.5 k i l o m e t e r s  d o w n s t r e a m .  Hauer et al. (1980) 
s t u d i e d  the d i s t r i b u t i o n  of a q u a t i c  i n s ects in the K i n t l a  
drainage and noted that caddisflies of the genus Hydropsyche 
w e r e  p r e s e n t  onl y  b e l o w  K i n t l a  Lake and that they w e r e  
p r e s e n t  in g r e a t  n u m b e r s  in the lake's outlet. other 
r e s e a r c h  on lake o u t l e t s  in n o r t h w e s t e r n  M o n t a n a  i n c l u d e d  
similar observations on the caddisflies of the Kintla Lake 
outlet (Appert 1977).
T h r e e  s a m p l e  sites w e r e  e s t a b l i s h e d  on Kintla Creek, 
S t a t i o n  I w a s  l o c a t e d  10 m e t e r s  d o w n s t r e a m  from the lake 
outlet. Site II was approximately 200 meters downstream from 
the outlet, and site III w a s  e s t a b l i s h e d  3.5 k i l o m e t e r s  
d o w n s t r e a m  f r o m  the lake o u t l e t  just b e f o r e  Kintla Cr e e k  
flows into the North Fork of the Flathead River.
p a r t i c u l a t e  o r g a n i c  c a r b o n  (POC) c o n c e n t r a t i o n  in 
s e s t o n  w a s  m e a s u r e d  at each site t h r o u g h o u t  the 
d u r a t i o n  of t h e  s t u d y  p e r i o d .  O n e  5 00 ml s a m p l e  w a s  
collected in a polyurythane bottle and was either processed 
within 24 hrs or w a s  p r e s e r v e d  w i t h  one ml of c o n c e n t r a t e d  
H 2 SO 4 . Duplicate samples were taken at site I in August 1984 
a n d  at s i t e  III in J a n u a r y  of 1985. P O C  v a l u e s  w e r e  
determined by CO g liberation procedure (Menzel and vaccaro 
1964) on an Oceanography International 0524B total carbon
11
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System.
Protein samples were collected in triplicate from each 
of the sample locations. Each sample contained the filtered 
c o n t e n t s  of four l i t e r s  of wa t e r  taken fro m  m i d s t r e a m .  
Car e  w a s  taken to k e e p  b e n t h i c  m a t t e r  out of the g r a b  s a m p l e  
w h i l e  p u s h i n g  the c o l l e c t i n g  b o t t l e  t h r o u g h  the w a t e r  
column. The Brilliant Blue G — 250 protein analysis procedure 
( B r a d f o r d  1976) and the B i o - R a d  P r o tein A s s a y  Kit (Bio-Rad 
Laboratories) were used to quantify soluable protein in the 
s e s t o n  s a m p l e s .  l u t i l i z e d  t h i s  a s s a y  w i t h  s o m e  
m o d i f i c a t i o n s  d e s c r i b e d  by B e a r d o n  (1979) and Setc h e l l 
(1981). See appendix A for further details.
T r i p l i c a t e  ATP s a m p l e s  w e r e  c o l l e c t e d  m o n t h l y  in one 
liter polypropylene bottles from each station. Samples were 
a n a l y z e d  for A T P  i m m e d i a t l y  u p o n  r e t u r n i n g  to the 
l a b o r a t o r y .  Using the L a b - L i n e  ATP p h o t o m e t e r  we f o l l o w e d  
the n e w l y  d e s c r i b e d  t e c h n i q u e  p r e s e n t e d  in the T u r n e r  
L u m i n e s c e n c e  R e v i e w ( 1 9 8 3 ) . This m e t h o d  u t i l i z e s  a cold 
extraction of ATP from filtered seston and the quantitation 
of emitted light when the extracted medium is combined with 
luciferin— luciferase enzyme in the ATP photometer.
Benthic invertebrates along the Kintla outlet system 
w e r e  s a m p l e d  using a m o d i f i e d  k i c k n e t  p r o c e d u r e  f o l l o w i n g  
Hauer and S t a n f o r d  (1981) in w h i c h  the k i c k n e t  is held 
f i r m l y  a g a i n s t  the s u b s t r a t e  as large rocks a b o v e  the net
12
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are c l e a n e d  off w h i l e  being held in the s t r e a m  near the 
mouth of the net. After 45 seconds of cleaning rocks in this 
manner the benthos of the ,36 area immediatly upstream of 
the n et is a g i t a t e d  by hand and foot a c t i o n  for 15 seconds. 
A l l  l i b e r a t e d  m a t e r i a l  w a s  c o l l e c t e d  in the n e t  a nd 
p r e s e r v e d  w i t h  10% f o r m a l d e h y d e .  S a m p l e s  w h i c h  w e r e  to be 
used for gut analysis were first inundated with bicarbonate 
in order to asphyxiate larvae. Hydropsychid larvae were then 
picked from the benthic samples, identified and counted in 
order to establish population densities.
Cu m mins (1973) described a method for examination of 
insect gut contents which considers the relative amounts of 
a n i m a l  m a t t e r ,  al g a e  and d e t r i t u s  p r e s e n t  in the foregut. 
This method entails the dispersion of foregut contents onto 
a filter for observation under the light microscope. Fuller 
and M a c k a y  (1981) d e s c r i b e d  a s light m o d i f i c a t i o n  of the 
t e c h n i q u e  used by C u m m i n s ,  The m o d i f i c a t i o n  e n t a i l s  the 
" s o n i f i c a t i o n "  of the i n g e s t e d  f o r e g u t  m a t e r i a l  to e n s u r e  
the separation of com pressed gut contents, in this study the 
foregut contents of three hydropsychid larvae were combined 
on one c l e a r e d  filter. R e p r e s e n t a t i v e  d r a w i n g s  of eight 
f i e l d s  f r o m  ea c h  s l i d e  w e r e  m a d e  and gut m a t e r i a l s  w e r e  
c l a s s i f i e d  as: 1) a n i m a l  m a t t e r ,  2) p l a n t  m a t t e r ,  and 3) 
detritus. Foregut composition is reported as percent area 
of food type.
13
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Temperature data for the different sites were recorded 
as o f t e n  as p o s s i b l e  using c o n t i n u o u s  t h e r m o g r a p h s  at 
s t a t i o n s  I and III, Total a l k a l i n i t y ,  c o n d u c t i v i t y  and 
discharge was measured m o n t h l y .
C o l l e c t i n g  and a n a l y s i s  b e g a n  in M a r c h  of 1984 and 
c o n t i n u e d  t h r o u g h  M a r c h  of 19 8 5 .  S a m p l e s  of b e n t h i c  
invertebrates were taken in October and December of 1983. 
S e s t o n  and w a t e r  s a m p l e s  w e r e  c o l l e c t e d  m o n t h l y  for the 
d u r a t i o n  of the study. S a m p l e s  w e r e  a n a l y z e d  for all food 
q u a l i t y  p a r a m e t e r s .  F o r e g u t  a n a l y s i s  w a s  c a r r i e d  out on 




Total number of Hydropsychidae decreased dramatically 
with distance downstream from the outlet (Fig, 2, 
Table 1). The geometric mean for site I was 1499 larvae/m^, 
whereas 200 meters downstream at site II the geomertic mean
14
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Figure 2, A b u n d a n c e  of larval h y d r o p s y c h i d s  r e g r e s s e d  
a g a i n s t  d i s t a n c e  d o w n s t r e a m  f r o m  the K i n t l a  Lake outlet. 
Data are log t r a n s f o r m e d  and solid c i r c l e s  are g e o m e t r i c  
means for each sample site.
15
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coCO
CO
Table 1. ANOVA table for linear regression shown in Fig. 2. Dependent variable (larval abundance) and |independent variable (distance downstream) are log transformed. Significance of regression MS tested ^
against residual MS. o
Source of Variation SS Df MS F
Total 7.466 21
Regression 4.464 1 4.464 29.76 P <
Residual 3.002 20 0.150
Lack of linear fit 0.098 1 0.098 0.64 n.s
















d r o p p e d  to 287 l a r v a e / m ^ .  The g e o m e t r i c  m e a n  for site ill 
was 113 larvae/m^. Statzner (1978) noted a drastic decrease 
in l a r v a l  d e n s i t i e s  w i t h i n  a s i m i l a r  d i s t a n c e  d o w n s t r e a m  
f r o m  a lake in W e s t  G e r m a n y ,
S p e c i e s  c o m p o s i t i o n  w i t h i n  the Hyd ro psych i d a e also 
c h a n g e d  a s  d i s t a n c e  f r o m  t h e  o u t l e t  i n c r e a s e d ,  
Cheumatopsyche sp. were clearly the dominant larvae in the 
K i n t l a  Lake o u t l e t  c o m p r i s i n g  99% of the i n d i v i d u a l s
c o l l e c t e d  at site I (Fig 3), C e r a t o p s y c h e  c o c k e r e l l i  
l a r v a e  w e r e  found o n l y  s p a r s e l y  in the o u t l e t  and w e r e  the 
only other Hydropsychid collected at that site. At site II 
C. Cockerelli comprised 56% of the comparatively few larvae 
that were present, while Cheumatopsyche sp. accounted for 
25% of the total, C e r a t o p s y c h e  o siar i and Hyd ro psyche
c o m p r i s e d  o n l y  10% a n d  9% of the l a r v a e  
c o l l e c t e d  at site II, No Che u rn a to p syche sp. and o n l y  a few 
C. c o c k e r e l l i  (< 15 larvae) we r e  c o l l e c t e d  from site ill, 
C. o siar i and H, o c c i d e n t a l i s  w e r e  the d o m i n a n t  s p e c i e s  at 
sit e  III, S i m i l a r  s e q u e n t i a l  c h a n g e s  in h y d r o p s y c h i d
fauna has been o b s e r v e d  e l s w h e r e  in the F l a t h e a d  River 
s y s t e m  (Hauer and S t a n f o r d  1983) and for other s y s t e m s  
( H i l d r e w  a n d  Ed ing t o n  1 979). T h e s e  s t u d i e s  p l a c e d  
t e m p e r t u r e  and food a b u n d a n c e  as p r i m a r y  c o n t r o l s  on
the distribution of individual species within a stream 
c o n t i n u u m ,
18
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Figure 3. Distribution of Hydropsychidae larvae downstream 
from the Kintla Lake outlet in December 1983.
19
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Physical variables
D i s c h a r g e  fro m  K i n t l a  Lake r e a c h e d  a m i n i m u m  of 0.27 
m ^ / s  in M a r c h  of 1985. M a x i m u m  d i s c h a r g e  d u r i n g  the 
study period was 14.21 m^/s in June of 1984. Average total 
alkalinity was 60 mg CaCO^/l and varied only two milligrams 
per liter between sites. Conductivity values were similar, 
a v e r a g i n g  102, 104. and 109 u m h o s / c m  at sites I, ll and III 
respectively. See appendix B.4 for actual data,
Kintla Lake was ice-covered from jaunary to March 1985. 
No ice w as o b s e r v e d  on the outlet, w h i l e  ice f r e q u e n t l y  
s p a n n e d  the c h a n n e l  d o w n s t r e a m  at s i t e  III. W a t e r  
t e m p e r a t u r e  at the o u t l e t  w a s  c o n s i s t e n t l y  higher than at 
sit e  III (Fig, 4). A n n u a l  d e g r e e  days a c c u m u l a t e d  at site 
III was only 2028 as compared to 2646 in the lake outlet.
Substrate disturbance (e.g. displaced rocks) was rarely 
observed in the outlet. The substrate was typically anchored 
by heavy growths of the filamentous green alga Zygnema and 
by mats of the stalked diatom G o m p h o n e m a . The algal mat was 
s i g n i f i c a n t l y  r e d u c e d  at site two, but included large 
amounts of benthic moss. Oswood (1979) found significantly 
greater m u m b e r s  of hydropsychid larvae associated with moss 
in O wl Creek, a n o t h e r  M o n t a n a  lake o u t l e t  system. This 
suggests that hydropsychid population densities at site 
II may be exaggerated and that even sparser populations may 
e x i s t  in areas not s u p p l e m e n t e d  w i t h  b e n t h i c  mosses.
21
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Figure 4. Comparison of the annual temperature profile and 
a c c u m ulated d egree days in the K intla Lake o u t l e t  (site I) 
and 3.4 km downstream (site III) .
22
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Algal growth was limited to a thin epilithic, diatom film 
at sit e  III and the s u b s t r a t e  w a s  c o m p r i s e d  of lo o s e  f i n e ­
grained material along with less firmly anchored rocks.
T he p r e s e n c e  of m o s s  m a y  also have been i n d i c a t i v e  of 
C O g - r  i ch g r o u n d  w a t e r  i n t r u s i o n  b e l o w  the o u t l e t  proper 
(Hynes 1970a), Site III averaged 40% greater discharge than 
w a s  m e a s u r e d  at site I (see A p p e n d i x  B.4), w h i c h  further 
suggests ground water influences, since no tributaries enter 
K i n t l a  C r e e k  b e t w e e n  the lake and the N o r t h  Fork of the 
Flathead River.
Food Quality and Quantity
particulate organic carbon values were generally the 
same at all sites, except during May and June of 1984 when 
significantlygreater amounts of POC were found at site ill 
(Table 2). Only in S e p t e m b e r  1984 w e r e  POC c o n c e n t r a t i o n s  
significantly h i g h e r  in the o u t l e t  and at s i t e  II t h a n  
d o w n s t r e a m  at site III. In J a n u a r y  of 1985 POC v a l u e s  w e r e  
s i g n i f i c a n t l y  h i g h e r  in t h e  o u t l e t  as c o m p a r e d  to 
concentrations at site III during the same month.
Total protein concentrations were consistently higher 
at the u p s t r e a m  si t e s  (Fig. 5). R e g r e s s i o n  of total p r o t e i n  
a g a i n s t  d i s t a n c e  d o w n s t r e a m  fro m  lake o u t f a l l  s h o w e d  that 
p r o t e i n  c o n c e n t r a t i o n s  d e c r e a s e d  l i n e a r l y  a f t e r  log 
transformation of the distance downstream during all but two 
months of the study (Table 3). This differs markedly with
24
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Table 2. Relationship between POC content (mgC/1) of the s e s ton and distance from 
the lake outlet. Boxed data (means) were not significantly different (P <,05) per 


















































































Figure 5. Relationship between monthly concentration (mean) 
of p a r t i c u l a t e  p r o t e i n  in s e s ton and d i s t a n c e  d o w n s t r e a m  
from the lake outlet.
26
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Table 3. Regression equations and coefficients of determination (r ) for linear regression of log transformed independent variable {distance downstream) and 
dependent variable (protein concentration).




Month Regression Equation r2
April '84 y 44.08 — 9.90X .92 ***
May Y 26.28 — 4.98X .61 *
June Y 35.40 — 7.90X .77 **
July Y - 12.50 - 1.21X .19 ns
August Y - 52.80 — 8.52X .61 *
September Y 40.90 — 6.51X .87 **
November Y 16.80 - 2.15X .94 **
















s t a t z n e r  (1978), who found no s i g n i f i c a n t  c h a n g e s  in the 
protein concentrations downstream from a West German lake 
o u t l e t ,
ATP values varied significantly during June, Julyand 
September, when concentrations at site I were significantly 
higher than at sites ll or ill, and during January 1985 when 
s i g n i f i c a n t l y  less ATP w a s  p r e s e n t  d o w n s t r e a m  at site III 
(Table 4).
A n a l y s i s  of 30 larval f o r e g u t s  i n d i c a t e d  that p e r c e n t  
a n i m a l  m a t t e r  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  b e t w e e n s i t e s , 
w h i l e  d e t r i t u s  c o n t e n t  i n c r e a s e d  fro m  46% at site I to 63% 
at site II and a m a x i m u m  of 86% at site III. R e l a t i v e  
amount of plant matter decreased with distance downstream 
comprising 47, 28, and 12 percent of gut content at sites I, 
II and III respectively,
I concluded that while the total concentration of seston 
(food quantity) w a s  a b o u t  equal b e t w e e n  sites d o w n s t r e a m  
from the l a k e , a m e a s u r a b l e  d e c r e a s e  in the labile food 
i t e m s  (food quality) w a s  a p p a r e n t  at least b e t w e e n  the 
u p s t r e a m  s i t e s  a n d  s i t e  III. p r o t e i n  and A T P  d a t a  
suggested that the biotic component of the seston (zoo- and 
p h y t o p l a n k t o n )  d e c r e a s e d  s i g n i f i c a n t l y  w i t h i n  200 m e t e r s  
d o w n s t r e a m  from the outlet.
29
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Table 4. Relationship between ATP content (ng/1) of the seston and distance 
do w n stream from the lake outlet. Boxed data (means) were not significantly 

















































































R e c e n t  w o r k  on lake o u t l e t s  has e v o k e d  the c a u s a l i t y  
of food quality and quantity (Bronmark and Malmqvist 1984, 
Kondratieff and Simmons 1984, Richardson 1984) and species 
i n t e r a c t i o n  (Statzner 1978) in e x p l a i n i n g  the d e n s i t y  and 
distribution of the filter-feeding zoobenthos of lake outlet 
s y s t e m s .  A d d i t i o n a l l y ,  M u l l e r  (1982) d e m o n s t r a t e d  that 
a d u l t  c a d d i s f l i e s  b e l o w  a lake o u t l e t  will fly in an 
u p s t r e a m  d i r e c t i o n  and o v i p o s i t  on the lake surface. He 
suggested that the withdrawl current eventually returns the 
n y m p h s  to the outlet, thus m a i n t a i n i n g  high p o p u l a t i o n  
d e n s i t i e s .  T h e s e  h y p o t h e s e s  are not n e c e s s a r i l y  m u t u a l l y  
e x c l u s i v e .  I n h e r e n t  in this c o l o n i z a t i o n  cycle c o n c e p t  is 
the existence in the outlet of a substantial amount of high 
q u a l i t y  food for the a c c u m u l a t i o n  of b i o m a s s  and the 
successful completion of metamorphosis. Data presented here­
in s h o w  that such a r e s o u r c e  base e xists for c a d d i s f l i e s  
located in the Kintla Lake outlet.
Some authors have stressed the need to investigate food 
quality and temperature interactions (Cummins 1973, Anderson 
and C u m mins 1979, Ward and Cummins 1979, Fuller and Mackay 
1980, H anson et al. 1983) b e c a u s e  the rate of m i c r o b i a l  
production and decomposition, and hence the supply of high 
quality food, may be temperature dependent. As a measure of
31
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food q u a l i t y  Na i m a n (1984) r e p o r t e d  d i f f e r e n t  r e s p i r a t i o n  
rates associated with size classes of seston collected from 
s t r e a m s  of d i f f e r e n t  orders. He did not, h o w e v e r ,  a d d r e s s  
the effects of the different thermal regimes from which the 
seston was collected, Anderson and Cummins (1979) stressed 
that t e m p e r a t u r e  w i l l  a f f e c t  a q u a t i c  insects d i r e c t l y  by 
a f f e c t i n g  a n i m a l  m e t a b o l i c  rates and i n d i r e c t l y  by 
establishing food quality and quantity. Ward and Stanford 
(1982) m a i n t a i n e d  that the g e n e r a l  d i s t r i b u t i o n  of all 
a q u a t i c  insects is p r i m a r i l y  due to the t h e r m a l  r e g i m e s  
encountered. Biomass and productivity may be related to food 
quantity or quality interacting with temperature constraints 
on metabolism. The downstream reaches of river systems are 
generally warmer than upstream portions (Hynes 1970a) and, 
due g r e a t e r  he a t  c a p a c i t y  l a rger c h a n n e l s  m a n i f e s t  a m o r e  
c o n s t a n t  t h e r m a l  e n v i r o n m e n t  (Vannotte et al, 1980), 
S i m i l a r l y ,  the large hea t  c a p a c i t y  of lakes c o n t r i b u t e  a 
m o r e  s t a b l e  t h e r m a l  r e g i m e  in t h e i r  o u t f l o w  
streams(Ulfstrand 1968, Hynes 1970a), Indeed, Hynes (1970b) 
stated that "the observed distribution of some lake outlet 
a q u a t i c  insects is due p r i m a r i l y  to the t h e rmal regime", 
in t h i s  s t u d y  of the K i n t l a  L a k e  o u t l e t  s y s t e m  the 
sequential replacement of Cheumatopsyche by Ceratopsyche and 
Hydropsyche may reflect the existence of different thermal 
r e g i m e s  w i t h i n  this r e l a t i v e l y  sh o r t  s t r e a m  segm e n t ,
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H y d r o p s y c h i d  d i s t r i b u t i o n  may, t h e r e f o r e ,  be d i r e c t l y  
d e p e n d e n t  on t e m p e r a t u r e  w h i l e  p o p u l a t i o n  d e n s i t y  m a y  be 
d e t e r m i n e d  by food q u a l i t y  and s p e c i e s  i n t e r a c t i o n  as 
s u g g e s t e d  by C u m m i n s (1974), S t a t z n e r (1978) and W a r d  and 
S t a n f o r d  (1982).
S i m i l a r  to l a k e  o u t l e t s ,  t h e  z o o b e n t h o s  in the 
tail waters of some surface-release impoundments is dominated 
b y  H y d r o p s y c h i d  c a d d i s f l i e s  a n d  o t h e r  f i I t e r - f e e d i n g  
i n s e c t s , s u c h  as S i m u l i i d a e  ( W a r d  and S t a n f o r d  1980). 
Tail water temperatures may be elevated in a manner similar 
to la k e  o u t l e t s  d i s c u s s e d  above. W a r d  and Stanford's 
" D i s c o n t i n u i t y  D i s t a n c e "  (1983a) measures the longitudinal 
shift (- Î upstream, + : downstream) of a given parameter 
due to s t r e a m  re g u l a t i o n .  F o l l o w i n g  their reasoning, a 
negative temperature discontinuity caused by Kintla Lake may 
e x p l a i n  the o b s e r v e d  shift in s p e c i e s  c o m p o s i t i o n  in the 
o u t l e t  s t r e a m ,  i n d e e d ,  C h e um a to ps yc he d o m i n a t e  the 
hydropsychid comm u n i t y  in the tai1 waters of the epilimneal- 
r e l e a s e  d a m  on the r e g u l a t e d  p o r t i o n  of the Flat h e a d  River 
b e l o w  F l a t h e a d  Lake (Stanford; per s. comm.) . Sim i l a r l y ,  
Ha u e r  and S t a n f o r d  (1983) d e m o n s t r a t e d  a p o s i t i v e  t h e r m a l  
d i s c o n t i n u i t y  a s s o c i a t e d  w i t h  d o m i n a n c e  by the m o r e  
stenothermic Arctopsyche grandis. A. grand is is common in 
all 3rd and 4th order streams in the Flathead, not regulated 
by lakes. But none w e r e  found in the K i n t l a  Lake o u t l e t
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stream ,
C o n t i n u o u s  input of l a k e - d e r i v e d  seston (allochthonous 
matter) lends stability to the stream ecosystem (Fisher and 
Likens 1973). Because large particulates including inorganic 
sediment are trapped by the lake, outflow streams are not 
i n t e n s e l y  s c o u r e d  d u r i n g  spates. This lack of severe 
substrate disturbance allows large mats of benthic algae to 
grow, which in turn may stabilize the stream bottom(Armitage 
1 9 7 6 ) .  A d d i t i o n a l l y ,  l a k e s  m i n i m i z e  d a i l y  t h e r m a l  
fluctuations creating more predictable diel temperatures. In 
m a n y  w a y s  the o u t l e t  m a y  be c o n s i d e r e d  a p r e d i c t  ible or 
constant environment in which biomass can be maximized (Ward 
and Stanford 1983b).
A l t h o u g h  s e s t o n  w a s  e q u a l l y  p l e n t i f u l  along K intla 
Creek, the hig h  d e n s i t i e s  of h y d r o p s y c h i d s  found in the 
K i n t l a  Lake o u t l e t  a p p e a r e d  to be s u p p o r t e d  by the high- 
q u a l i t y  l a k e - d e r i v e d  seston. D o w n s t r e a m  from the Kintla 
Lake o u t l e t  f l u vial p r o c e s s e s  i n t r o d u c e d  more abiotic 
variation and a concomitant reduction in seston food quality 
e f f e c t i v e l y  l i m i t e d  the larval densities. G r o u n d  water 
i n f l u e n c e s  and a l esser heat c a p a c i t y  c o n t r i b u t e d  to the 
c o l d e r  t h e r m a l  r e g i m e  of the d o w n s t r e a m  r e a ches of Kintla 
Creek, whereas, Kintla Lake maintained warmer temperatures 
in t h e  l a k e  o u t l e t .  T h e  d i s t r i b u t i o n  of c e r t a i n  
hydropsychid caddisflies in Kintla Creek may be determined
34
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by the species' a b i l i t y  to s u r v i v e  in a gi v e n  t h e r m a l  
regime, while population densities may be determined more by 
environmental stability and the availability of high-quality 
f o o d ,
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CHAPTER II 
APPENDIX A: METHODOLOGY
Appendix A . 1 ATP Methodology
Materials
Standards :
Use 1 0 u g / m 1 stock s o l u t i o n  of N a 2 ATP SHoO to m a k e  25 
ng/ml standard by diluting 25 ul of the stock solution 
to ten m i s  w i t h  H E P E S  buffer. A w o r k i n g  s t a n d a r d  of 
250 p g / m l  can be m a d e  fro m  0,1 ml of the 25 n g / m l  
standard by diluting to a total volume of ten mis with 
HEPES buffer.
Reagents :
HEPES Buffer, pH 7,5, luminescence purity
. L u c i f e r i n - L u c i f e r a s e , l u m i n e s c e n c e  p u r i t y ,  
r e c o n s t i t u t e d  w i t h  5,5 m i s  HEPES b u ff er




, F i l t r a t i o n  app a r a t u s ,  (column, frit, clamp, catch 
flask, trap)
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. One pair forceps
25 m m  Gelraan Type A/E Glass Fiber Filters, .45 urn mesh 
s i ze
One vacuum pump apparatus, hand or automated
One 1000 ml graduated cylinder
One 0-5 ml autopipet
One 10-200 ul autopipet
One Lab-Line ATP Photometer
Procedure ;
1. Ac i d  w a s h  all s c i n t i l l a t i o n  v i a l s  in 10% HCl. Rinse 
three times with de-ionized water. Place cleaned vials 
in groups of three/ sample,
2. Rinse g r a d u a t e d  c y l i n d e r  w i t h  a small a m o u n t  of 
sample and discard. Pour remaining sample into graduated 
c y l i n d e r ,  r e c o r d  no t e d  v o l u m e ,  and filter using the 
described filters and filtration apparatus,
3. C a r e f u l l y  r e m o v e  filter from frit using clean 
f o r c e p s  and p l a c e  in c l e a n , d r y  s c i n t i l l a t i o n  vial. Be 
careful not to disturb filtered particulate when placing 
filter in vial,
4. A d d  1,0 ml of r e l e a s i n g  r e a g e n t  f o l l o w e d
immediatly by 1,0 ml of HEPES buffer. Wait approximatly 
three minutes.
5. Using 200 ul a u t o p i p e t  transfer 200 ul of the
extracted solution to each of the remaining scintillation 
vials. Remove vial containing remaining extract solution.
6. Set p h o t o m e t e r  for Integral M o d e  and 60 second 
delay with zero=5,0 and sensitivity =7,0,
7. Add 200 ul of HEPES b u f f e r  to the first of the 
two vials containing extracted ATP,
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8. Simultaneously activate assay mode on photometer 
and pipet 200 ul L-L enzyme into vial containing extract 
a n d  b u f f e r .  C a p  v i a l  a n d  s w i r l .  Q u i c k l y  p l a c e  in 
photometer,
9. Record value for unknown(R^). Reset photometer.
10. A u t o p i p e t  200 ul of 250 p g / m l  s t a n d a r d  into the
second vial containing 200 ul of extractant.
11. Simultaneously activate assay mode on photometer 
and pipet 200 ul L-L enzyme into vial containing extract 
and s tandard. C ap vial and swirl. Q u i c k l y  place in 
photometer ,
12. Record value for s p i k e(R^g).
Calcualtions
ATP c o n c e n t r a t i o n s  are c a l c u l a t e d  using the 
f o l l o w i n g  e q u a t i o n  as p r o v i d e d  by T urner D e s igns in 
b u l l e t i n  no.204.
[ATP]=1/Vp Ru/(Ris-Ru) [ATPg^j] 
where :
[ A T P ] i c o n c e n t r a t i o n  of ATP (g/ml)
Vp: volume of water filtered 
R^; counts of unknown 
Rrg : counts of spike 
[A T P g^j]: concentration of ATP standard (g/ml)
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A p p e n d i x  A . 2 B e n t h o s  p r o c e s s i n g  p r o c e d u r e
Materials
, two sieves, 150 um mesh 
one large, porcelain tray 
two pair, good quality forceps 
one/taxon, insect vial and cap, label
Procedure
1. Uncap preserved preserved sample and place a manageable 
a m o u n t  in a 15 0 u m  m e s h  sorting sieve. T h o r o u g h l y  
rinse all preservative from the sample contents,
2. vigorously rinse all clumps of moss or other vegetation 
and c h e c k  for any o b v i o u s  fauna. D i s c a r d  the large
m a t e r i a l  i n c l u d i n g  rocks and p r o c e s s e d  c l u m p s  of
v e g e t a t i o n .
3. using a lab m a r k e r  or g r e a s e  pencil s u b d i v i d e  a large 
p o r c e l a i n  tray into six equal areas parallel w i t h  the 
width of the pan.
4. T r a n s f e r  the c o n t e n t s  of the sieve to the p o r c e l a i n  pan 
and fill w i t h  hot tap w a t e r  until ca, 2 " of water is 
standing in the pan. Discard any large rocks or moss 
clumps after checking for fauna.
5. F o l l o w i n g  t h e  l i n e s  o n  t h e  b o t t o m  of t h e  p a n , s t e a d i l y
46
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pick all fauna from the water and gravel while proceeding 
f r o m  one end of the tray to the other. A g i tate the 
s a m p l e  and r e p e a t  the p r o c e d u r e  in the o p p o s i t e
direction.
6. P l a c e  all fauna in a p p r o p r i a t e  vials m a r k e d  wi t h  the 
specific taxon, sample date, location, and sample
number .
7. R e t u r n  the p i c k e d  "refuse" to a s econd s creen of 150um 
m e s h  or to a jar f or p r e s e r v a t i o n  if f u r t h e r
p r o c e s s i n g  is to be delayed. This m a t e r i a l  should
be l a b e l e d  " M a c r o  Refuse" to indic a t e  that the
sample has been macro-picked.
8. C o n t i n u e  steps 1-7 until all of the s a m p l e  has been 
macro- picked and all macro refuse has been cleaned and 
c o l l e c t e d .
9. Thoroughly rinse macro refuse in a 150um mesh sieve if it 
has been preserved. Subsample the refuse and remove a 
m a n a g e a b l e  a m o u n t  of the m a t e r i a l  (usually 1/4) and 
p r e s e r v e  for f u r t h e r  p r o c e ssing. Label the jar as 
Macro-Refuse-1/4 and include sample number, date and 
loca t i o n ,
10.Suspend the rinsed subsample of macro-refuse in hot tap 
water and pick as described in steps 4 & 5 while paying 
p a r t i c u l a r  a t t e n t i o n  to the s m a l l e r  c o m p o n e n t s  of the 
be n t h o s .
11. Placeall s p e c i m e n s  into a s i n g l e  vial labeled " M i cro- 
Pick- 1/4". This id icates that the s a m p l e  has been 
m a c r o - p i c k e d  and 1/4 of the m a c r o - r e f u s e  has been
micro - p i c k e d .
12. R e t u r n a l 1 m i c r o - r e f u s e  to the s c r e e n  and pres e r v e  for 
fu r t h e r  p r o c e s s i n g .  Label the vial " M i c r o - R e f u s e  1/4 
subsample". include sample number, date and location,
13. Repeatsteps 1-13 for all samples before continuing the 
procedure further.
1 4 . place micro-refuse in the 150um mesh sieve and rinse out 
preservative.
15. If n e c e s s a r y  s u b s a m p l e  the m i c r o - r e f u s e  u n t i l  a 
manageable amount is obtained (usually 1/4) for picking
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under the microscope.
16. Using a binocular dissecting microscope carefully sort 
t h r o u g h  the s a m p l e  p i c k i n g  all b e n t h o s  and p l a c i n g  the 
s p e c i m e n s  in a s i n g l e  vial m a r k e d  "Scope-Pick-1/4". 
This l a b e l i n g  i n d i c a t e s  that a 1/4 s u b s a m p l e  of the
m i c r o — r efuse w as taken and all fauna was r e m o v e d
while being observed under the microscope.
Calculations
1. All samples were taken from a 0.36m^ area. Densities can 
be calculated as follows :
(# of ind. in m a c r o - p i c k )  + (# of ind. in m i c r o - p i c k  x 
m i c r o  s u b s a m p l e  c o r r e c t i o n  factor ( c f ) ) + (# of ind. in 
scope-pick x micro cf x scope cf)
2. Subsample Correction
Pick Type____________  Factor__________
Macro none=l
Micro inverse of subsample fraction
of m a c r o  refuse picked 
usually=4
Scope inverse of the product of subsample
fractions from micro picking of macro 
refuse and scope picking of micro refuse
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A p p e n d i x  A . 3 B i o - R a d  P r o t e i n  A s s a y  P r o c e d u r e
Materials
Standards :
Bovine gamma-globulin standards are used (~ 1500ug/ml).
S t a n d a r d s  range for m  3.75 ug / m l  to 280 ug/ml and are 
o b t a i n e d  b y  d i l u t i n g  t h e  s t o c k  s o l u t i o n  w i t h
appropriate amounts of ETS buffer.
Reagents ;
. ETS Buffer
1) 0.05% Triton x-100
2) 75 uM MgSO^
3) 0.15% Polyvinylpyrolidone
4) 50 mM Na^PO^
. BB-G250 dye 
Glassware ;
, scintillation vials (1/sample and/or standard)
, f i l t e r i n g  a p p a r a t u s  (Thomas m o r t a r  and pestel, p o w e r  
drill, ring stand and clamps)
one pair forceps
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47mm Gelman Type A/E glass-fiber filters. 0.45 um mesh
f i l t r a t i o n  a p p a r a t u s  (vacuum, c o l u m n ,  frit, side arm 
flask)
3 beakers @ 250 ml 
1-5 autopipet 
0— 200 ul pipet
t w o  g l a s s  c u v e t t e s  (not equal to quartz), 1 cm light 
path
centr i fuge
squirt bottle with DI rinse water
procedure ;
Reagent preparation
1) R e c o n s t i t u t e  b o v i n e  g a m m a - g l o u l i n  by adding 20 ml of 
DIHOH.Stored at 0-4C. Its shelf life is 60 days. Frozen at 
-20C it will last for six months.
2 ) P r e p a r e  B B - G 2 5 0  d y e  b y  d i l u t i n g  o n e  p a r t  of  
concentrated dye with four parts DI water. Filter
the d i l t u e d  dye t h r o u g h  a g l a s s - f i b e r  filter and
st o r e  at cold t e m p e r a t u r e s .  At room t e m p e r a t u r e
cover the dye with parafilm. Its shelf life in this
state is two weeks.
3) The ETS B ( E l e c tronic T r a n s p o r t  S y s t e m  Buffer) should 
be made in advance of the assay and new buffer should be 
made for each day of use.
4) Create standards in marked scintillation vials using 
auto pi petes and ETS B to dilute bovine gamma-globulin 
stock solution. Bring to a total volume of 5 mis.
5 ) T r a n s f e r  2.5 m i s  of s t a n d a r d  to c l e a n  g r i n d i n g  
tube ( use just ETS w h e n  c r e a t i n g  r e a g e n t  blank). Add one 
47 m m  filter and m a c e r a t e  wi t h  p o w e r d r i l l  and 
Teflon pestel.
6) p o u r  g r o u n d  f i l t e r  a n d  b u f f e r  i n t o  m a r k e d  
scintillation vial. Rinse vessel with additional 2.5 mis
50
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of b u f f e r  and add to vial. T h o r o u g h l y  rinse tube wit h  
DIHOH water.
7) Grind all standards and samples as described a b o v e .
8) Add 0.4 mis sample/standard to clean glass cuvette and 
p l a c e  0.4 m i s  r e a g e n t  bl a n k  in a second clean glass 
c u v e t t e .
9) Quickly add 2.0 mis of filtered dye to each cuvette and 
p l a c e  in the s p e c t r o p h o t o m e t e r  (reagent blank set in 
reference beam).
10) W a i t  five m i n u t e s  then auto zero the spec at 465nm. 
Record the absorbance at 595nra. Calculate regression line 
using counts vs. concentration.
11) R e a d i n g s  are s t a b l e  b e t w e e n  5 and 60 minutes. N e w  
reagent blanks will be necessary if analysis exceeds one 
hour ,
Calculations ;
{ug/ml) X (mis ETS used while g rinding) = ug/ml in sample 
mis HoO fTTtered water
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CHAPTER III 
APPENDIX B: DATA
Appendix B.l Adenosine triphosphate (ATP) concentration (ng/1): Kintla Creek, March 1984 - March 1985
riAR APR MAY JUN JUL SEP NOV JAN MAR
SITC
I C.56I 1.110 0.669 7.420 3.800 3.890 0.930 1.930 1.1800.650 4.980 2.310 1.240 1.320 2.130 1.350 3.080 0.9300.452 5.670 0.673 5.010 2.830 3.770 1.060
T - 0.554 3.920 1.220 4.560 2.060 2.950 2.020 2.510 1.060
11 0.778 0.440 1.670 1.300 1.130 0.880 2.380 3.050 1.0100.578 1.700 6.580 1.400 0.920 1.100 2.880 2.790 2.5300.494 1.140 9.490 2.080 0.430 1.930 1.760 2.150
y - 0.617 1.090 3.070 1.590 0.830 1:300 2.340 2.920 1.890
III 0.453 1.440 0.935 0.960 1.900 1.711 1.920 1.120 1.3700.558 3.050 1.390 0.850 1.030 1.150 2.231 0.747 1.0500.314 0.980 1.090 0.831 0.170 1.940 1.411
X- 0.442 1.820 1.140 0.881 1.030 1.431 2.030 0.932 1.280
Appendix B.2 Particulate protein concentration (ug/1): Kintla Creek, April 19W - March 1985
APR MAY JUN JUL AUG SEP NOV JAN MAR
SITE
I 29.0 19.5 22.1 8.3 46.0 33.6 15.0 18.0 <6.0
30.2 18.2 36.6 11.7 35.0 32.8 15.4 15.9 <6.0
38.9 19.7 23.2 13.1 46.0 37.5 13.8 10.2 <6.0
37.0
X - 33.8 19.1 27.3 11.0 42.0 34.6 14.7 14.7 <6.0
II 23.3 12.9 21.7 11.1 46.0 20.6 11.9 15.0 <6.018.7 23.8 13.4 14.4 37.0 29.8 11.7 13.3 <6.025.0 21.1 18.4 5.0 29.0 11.4 <6.0
X - 22.2 19.3 17.8 10.0 37.0 25.2 11.7 14.1 <6.0
III 6.2 6.7 6.3 7.7 30.0 17.0 10.1 <6.0 <6.09.5 6.4 8.1 8.5 18.0 19.6 9.2 <6.0 <6.09.8 
7 8 6.1 7..3 7.7 14.0 17.9 8.6 <6.0 <6.0
10.7
X - 8.8 6.4 7.2 7.9 20.0 18.2 9.3 <6.0 <6.0
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\|>{x:ncJix H .3 P a r t ic u la te  or^ianic carbon <PDC) co n c e n tra tio n : K in t la  Creek, March I9.*w -  Jdfiuarv I ‘>-D
n\R APR MAY JDK JUL AUC jrp \n. JAX
5itr
1 0.071 0.140 0.153 0.133 0.133 0.244 0.307 0.0fc3 0.1760.097 0.190 0.161 0.174 0.099 0.255 0.299 Ü.046 0.1040.074 0.142 0.191 0.110 0.237 0.319 Ü.071 0.115
X » 0.001 0.160 0.167 0.164 0.114 0.245 0.308 0.067 0.132
II 0.074 0.201 0.131 0.212 0.149 0.280 0.232 0.330 0.1410.041 0.173 0.195 0.215 0.132 0.256 0.303 0.162 0.1450.051 0.051 0.184 0.191 0.216 0.170 0.274 0.271
T  - 0.056 0.186 0.173 0.214 0.150 0.270 0.285 0.24b 0.143
III 0.022 0.147 0.271 0.205 0.169 0.259 0.269 0.128 0.059
0.013 0.239 0.240 0.230 0.123 0.245 0.252 0.12b 0.056
0.232 0.231 0.131 0.241 0.254 0.056 0.055
Ti - 0.017 0.193 0.240 0.222 0.141 0.24P 0.258 0.104 0.057
Appendix B.A Riysical parameters: discharge <Q), alkalinity. conductivity, Kintla Creek, March 1984- March 1985
MAR APR MAY JUN JUL . AUC SEP NOV JAN MAR
SITE PARAMEfEB
Q (rii’/s) 0.48 2.62 8.14 14.21 8.88 4.09 4.34 1.40 0.57 0.27
I ALK (mg/L) 55 47 74 60 52 57 52 65 62 58
COND( irrho/cm ) 96 98 101 100 106 99 97 106 110 109
ALK 63 58 52 58 58 68 58 61 62 58II
OOND 94 97 IOC 100. 109 102 97 105 116 117
Q 3.00 5.20 2.50
III ALK 70 72 40 62 59 46 58 60 64 60
OOND 106 105 102 103 108 101 105 111 122 122
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42 366 i 299
167 453 ± 344
25 141 i 79










11 1 8 
414 + 212 
153 ± 51
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CHAPTER IV 
APPENDIX C: Chlorophyll Data
Appendix C.l Chlorophyll a and phaeopigment concentration (mg/m’): Kintla Creek, November 1984, 
January and March 1985. SD • one standard deviation of the mean.
November January March











































































Appendix C.2 Regression equations and coefficients of determination (r*) for 
linear regression of log transformed independent variable (distance downstream) 
and dependent variable (Chi a concentration). * = P <0.1, = F <.05, =






Y = 4.80 - 0.85X
Y = 1.40 - 0.15X
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